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- Spear (1993), cap. 15, pp. 511-545. 
- Bucher & Frey (1994), cap. 4, pp. 114-138. 
-T.M. Will (1998): Phase Equilibria in Metamorfic Rocks  
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Le determinazioni termobarometriche si basano 
sull’applicazione della termodinamica chimica 
allo studio delle rocce 
 





* Vernon & Clarke (2008): Priciples of Metamorphic Petrology, Cambridge 
University Press, Chapter 2.4 
*Winter (2001): An Introduction to Igneous and Metamorphic Petrology.   
Prentice Hall, Chapter 27.4 
*Will (1998): Phase Equilibria in Metamorfic Rocks, Springer Verlag 
http://serc.carleton.edu/research_education/equilibria/thermodynamics.html 
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Figure 3. Schematic P-T (a) and T-X (solvus) (b) diagrams illustrating general 
characteristics of thermometers and barometers. Thermometers have steep 
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To apply a thermometer or barometer (HTML File 7kB Mar31 07) to an 
equilibrium mineral assemblage, you need to know:  
- The compositions of all 
minerals that can have 
variable composition (e.g., 
solid solutions). 
- Thermodynamic data for 
the phases of interest. 
- A 'calibration' that allows 
you to relate mineral 







Thermodynamic calculation of mineral 
reactions II: Reactions involving impure 
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(after Winter, 2001) 
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http://serc.carleton.edu/research_education/equilibria/twq.html    (see Appendix) 
 
TWQ calculated six possible reactions for this 
sample based on the KCFMASH system and the 






Fig.3. Six reactions (three independent) calculated by winTWQ  
for sample 90A from Mt. Moosilauke, New Hampshire  
(Hodges and Spear, 1982). 
 
Reactions 1 & 3 are the familiar GASP and garnet-biotite reactions, and the other four 
reactions contain muscovite. However, of these six reactions, only three are independent 
(Berman, 1991). That is, the other four reactions are linear combinations of the three 
independent reactions. Regardless, note that all the reactions in Figure 3 intersect in a 
relatively small region of PT-space, suggesting that the phases in this rock record 
equilibrium compositions. 
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Stime termobarometriche relative   
 
 
Stime termobarometriche relative basate sulle zonature 
compositive di granato e plagioclasio e e path P-T 
 
 
The results of applying the 
garnet-biotite geothermometer 
of Hodges and Spear (1982) 
and the GASP geobarometer of 
Koziol (1988, in Spear 1993) to 
the core, interior, and rim 
composition data of St-Onge 
(1987). The three intersection 
points yield P-T estimates 
which define a P-T-t path for 
the growing minerals showing 
near-isothermal decompression.  
                                                                 After Spear (1993) in Winter (2001) 
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Conceptual basis: The compositions of coexisting minerals in 
equilibrium are related by the thermodynamic properties of the 
minerals to the pressure and temperature conditions of equilibration. 
Thermometers are assemblages that form by reactions that are 
sensitive to temperature but not (much) to pressure. Barometers are 
assemblages that are sensitive to pressure but not (much) to 
temperatures. Not all rocks contain assemblages that make suitable 
thermometers or barometers. 
To apply a thermometer or barometer (HTML File 7kB Mar31 07) to an 
equilibrium mineral assemblage, you need to know:  
- The compositions of all minerals that can have variable composition 
(e.g., solid solutions). 
- Thermodynamic data for the phases of interest. 
- A 'calibration' that allows you to relate mineral composition to 
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 Resources!  
 
 
* Thermobarometry (more info)  
 http://www.es.mq.edu.au/geology/geoff/geotherm/html/ 




Problem Set: Calculating Pressures and Temperatures of Petrologic Events: Geothermobarometry 
- Donna Whitney, University of Minnesota 
 
* Thermobarometry Problem Set - Jane Selverstone, University of New Mexico 
 
* Thermodynamic Calculation of Mineral Reactions II Lab (Microsoft Word 48kB Mar29 07) - This Excel-
based one week exercise, provided by Dave Pattison at the University of Calgary, includes 
problems sets involving equilibrium constants, activities and calculation of thermodynamic 
equilibria involving impure phases, and 'conventional' thermobarometry using the GTB program. 
 
* Multi-equilibrium Thermobarometry Lab (Microsoft Word 53kB Mar29 07) - This Excel-based one week 
exercise, provided by Dave Pattison at the University of Calgary, includes problems sets involving 
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TWQ and AvePT (Thermocalc) 
 
Now that you have calculated from scratch some thermodynamic phase equilibria and tried out conventional geothermobarometry 
using GTB, you will be better prepared to do multi-equilibrium thermobarometry using PTAX/TWQ and THERMOCALC. These 
programs take no short-cuts in formulating the free energy expressions.  
 
For this exercise you will use the PTAX - TWQ software and thermodynamic data base of Berman (1991, Can Mineral), and the 
“Optimal Thermobarometry” option of THERMOCALC (Powell & Holland, 1994, Am Mineral). The two methods are both multi-
equilibrium methods but are different philosophically – see the end of the Powell & Holland paper for a discussion. Note also that 
Terry Gordon independently devised a comparable scheme to Powell & Holland, WebINVEQ, based on the Berman data base, but it 
has been retired as of 2006.  
 
Probably the Powell & Holland method is superior, and their thermodynamic data base is more up-to-date. However, PTAX-TWQ has 
some useful graphics that makes it a good learning tool. 
 
Berman, R.G., 1991. Thermobarometry using multi-equilibrium calculations: A new technique, with petrological applications. 
Canadian Mineralogist 29, 833-855. 
 
http://gsc.nrcan.gc.ca/sw/twq_e.php ( TWQ website) 
Powell, R. & Holland, T.J.B. (1994) Optimal geothermometry and geobarometry. American Mineralogist 79, 120-133. 
http://www.esc.cam.ac.uk/astaff/holland/thermocalc.html 
http://www.earthsci.unimelb.edu.au/tpg/thermocalc/ 
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| Ski Multi-equilibrium thermobarometry 
p to institutional links 
TWQ Web site 
 
  Geological Survey of Canada 
Software 
TWQ allows you to calculate the positions of 
reactions in P-T-X(composition) space involving 




TWQ or TWEEQU (Thermobarometry With Estimation 
of Equilibration State) is an interactive program for 
calculation of mineral-fluid equilibria. It has been 
developed & maintained by Rob Berman of the 
Geological Survey of Canada. Although it can calculate 
many types of phase diagrams, its primary application 
is geothermobarometry using internally consistent 
thermodynamic data for endmembers and solid 
solutions that have been derived simultaneously from 
relevant experimental constraints. 
 
At present, there is no Apple Macintosh version of this 
software. 
winTWQ for Microsoft Windows 
 
A new Windows version, winTWQ, supercedes earlier 
DOS versions (1 and 2) described below. 
 
winTWQ (version 2.32) 
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Precision and Accuracy in Geothermobarometry 
 
 
                                              Precision = reproducibility          
                                                            Accuracy : how close the results are to the  






Figure 27-15. P-T diagram 
illustrating the calculated 
uncertainties from various 
sources in the application of the 
garnet-biotite geothermometer 
and the GASP geobarometer to 
a pelitic schist from southern 
Chile.  
After Kohn and Spear (1991b)  and 
Spear (1993) in Winter (2001).  
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Sources of error in thermobarometry  
 
Common sources of error in thermobarometric calculations include:  
 
* The assumption that the minerals record equilibrium conditions may not be valid.  
 
* The choice of mineral compositions to use in thermobarometric calculations is easy if all 
phases are homogeneous, but if minerals are zoned, the selection of compositions to use can be 
more uncertain. 
 
* The stability of minerals may be affected by the presence of elements that are difficult to 
analyze with standard techniques. For example, electron microprobe analyses do not distinguish 
between Fe2+ and Fe3+, but the difference is important. A thermobarometric calculation may be 
substantially in error if all Fe is assumed to be Fe2+ for minerals that contain substantial Fe3+.  
 
* Thermobarometric calculations rely on thermodynamic data and a 'calibration' that allows 
mineral composition to be related to temperature or pressure. The mineral compositions and 
crystal structures in the rock being analyzed should not be too different from the compositions 
and structures on which the calibrations are based.  
 
* Temperature calculations require an estimation of pressure, and pressure calculations 
require an estimation of pressure. You therefore either need to know one variable, or use a 
thermometer or barometer that is very insensitive to the other variable. Hence, the best 
thermometers have nearly vertical slopes on a P-T diagram and the best barometers have nearly 
horizontal slopes.  
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What do calculated P-T conditions mean? 
 
- For igneous rocks, calculated pressures and temperatures likely represent the 
conditions at crystallization, particularly for rapidly cooled rocks.  
 
- Metamorphic rocks have more complex thermal and pressure histories, but the 
most typical interpretation of thermobarometric results is that the calculated P 
and T represent the conditions at the thermal maximum (peak of 
metamorphism) (Figure).  
 
- It is important to recognize that the thermal 
maximum may not represent the pressure 
maximum. Furthermore, it is important to 
examine the textures of a metamorphic rock and 
determine if the mineral assemblages/textures 
are consistent with the interpretation that peak 
metamorphic conditions are preserved and have 
not been overprinted during later ev ents. 
 
 
